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LOCATING SLIPPERY HIGHWAY SITES BY ACCIDENT ANALYSIS
INTRODUCTION
It ia generally agreed that a wet pavement surface presents leas re-
sistance to skidding than doea the same surface lro a dry condition<> It is
also wall known that ice and snow are very alippery, but on the other hand
they axe special conditions which do not reflect en? skid characteristic
of the pavement surface „• It isj, therefore, the wet surface condition that
is critical relative to the minimum coefficient of friction that will be
provided by a particular pavement surface
In many instances a surface which does not indicate any particular
difficulty with respect to skidding when dry will become quite slippery
whan wet and accidents as a consequence of slippery surfaces may result
The accident spot map of Indiana for 1958 is shown in Figure l c Figura 2
shows the dry surface accidents occurring in a portion of Grant County
during 1958o It is rather typical of the location of accidents occurring
on dry surfaces anywhere in the state „ There is a concentration of acci-
dents en SR 9 south and west of Marion; however, there is no particular
•
grouping of skidding accidents.
Figure 3 shews the same area of Grant County but indicates the wet
surface accidents occurring in 1958. Here again there is a concentration
of accidents on the heavily traveled portion of SR 9. However, a rather
definite grouping of skidding accidents is now obvious at the junction of
SR 9 and SR 15 as well as at the junction of SR 9 and SR 37. Although
skidding was involved in several dry surface accidents throughout the
shown portion of the county there was no indication that any sites were
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experiencing difficulty with respect to skidding,, In Figure 3, however,
it is noted that the wet surface accidents which involved skidding are
clustered at those sites at which the drivers may have been required to
make several difficult maneuvers and where the wet surface presented a
reduced resistance to skidding that was below that necessary to complete
the maneuvers safely. Skid tests conducted on SR 9 just north of its
Junction with SR 15 indicated an average distance to stop of 98 feet
from 30 mphj a vehicle traveling at the average speed for this section
of highway (#> mph) would require about 200 feet to stop
It is not intended to convey the impression here that the road is
the only part of the dsave^vehiele-road system that contributes to skid-
dingo It is, however, the only component over which the highway engineer
has direct and substantial control., Moreover, by applying sound engineer-
ing practices to the highway it may be possible to minimize the deficien-
cies of the driver and the vehicle The efficient and effective use of
non-slippery highway surfaces for the purpose of reducing the number of
accidents involving skidding requires that slippery sites at which acci-
dents are occurring be identified and evaluated at the earliest possible
date
The commonly-employed field testing procedures (such as the stopping-
distance method) effectively evaluate on a relative basis the skid resis-
tance of the surfaces upon which the tests are conducted,, They are,
however, expensive and time consuming* Furthermore, some other method
must be utilised to determine the locations that are suspected of being
slippery and at which the field tests should be conducted,, A procedure
which would systematiely evaluate the skid resistance of segments of the
entire higlway system and which would indicate those sites which are
"slippery" would be of considerable value c In the interest of economy
it would be desirable if such a method would minimize the number of field
tests required and would necessitate a minimum of labor <.
The accident report files contain a wealth of information and it was
this source that this study used Previous investigations conducted in
Great Britain (1, 2)*developed and utilized statistical methods for the
analysis of highway sites having a low frequency of skidding accidents*.
After»studies conducted at sites that had been so located and then "de-
slicked" indicated a substantial reduction in skidding accidents as well
as in total accidents (3)o
SKIDDING IN REPORTED ACCIDENTS
The oversell problem of skidding in accidents occurring in 1958, as
determined from the reported accidents on the state highways in ten counties
of Indiana, is summarized in Table 1»
In order to compare the number of accidents by surface condition it
is necessary to consider the amount of traffic which traveresed these high-
ways while the surfaces were dry, wet, or "icy" (i»e0$ covered with ice or
snow) The number of vohicle«milea traveled under the different surface
conditions is unknown and is impossible to obtain* However, there oust
be a relationship between the total number of accidents occurring while
the surfaces were dry, or "icy" and the px-oportion of the time the sur«=>
faces were in each of these conditions as well as the amount of traffic
using these facilities while these conditions prevailed© Therefore, if
* Numbers in parentheses refer to listings in the bibliogrephy
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Total 2830 1381 49
* The number of accidents involving skidding as a percentage of the total nuaber
of accidentso
the total number of accidents occurring while the surface was dry5 wet*
or "icy" is used as a measure of the exposure, a measure of the relative
risk of skidding can be obtained by comparing the skidding rate (i e , the
percentage of accidents involving skidding) ©
The rather high skidding rate on dry surfaces is nob surprising since
most vehicles have braking systems of sufficient capacity to lock the
wheels (4)o Such locking is especially true when the driver perceives an
accident as being imminent and attempts a "panic stop" and/or when the
brakes are improperly adjusted* The skidding rate on wet surfaces, hew-
ever, is considerably higher than on dry surfaces and it is still higher
when the surface is "icy"©
8EVALUATION OF LOW FREQUENCY ACCIDENT SITES
The skidding rate is a useful method of indicating the relative risk
of skidding on dry, wet, and "icy11 surfaces because a large number of acci-
dents have occurred* The accident frequency of the vast majority of specific
sites is quite small, however, and some other method is necessary to con-
sider the effect of chance occurrence and to determine when the frequency
of skidding accidents is excessive,. Such a method must also enable the
highway engineer to determine when the frequency of skidding accidents is
greater than some acceptable standard on some other length of highway
Statistical methods enable the solution of problems of this nature
The statistical analysis used in this study is based on the binomial
distribution which is a statistical distribution of occurrences which ex-
hibit a particular characteristic which might be classified as either a
success or a failure* With respect to skidding accidents this characteris-
tic is skiddingj an accident which did not involve skidding can be classi-
fied as a success and an accident in which skidding was involved can be
classified as a failuree The minimum percentage of accidents in which
skidding was, in all probability, involved can be calculated} this talus
will be referred to as the significant skidding rate or the SSRo In
other words the long term value of the skidding rate is, in all probability,
at least as large as the calculated SSR
As an example of the necessity for utilizing this procedure far com-
paring low accident frequencies let us consider two sites, both of which
have the same skidding rata. Such a situation is illustrated in Figure 4}
n" is the total number of accidents which occurred when the surface was wet,
































In the case of site "A" two out of two wet surface accidents involved
skidding; therefore, tho skidding rate is 100 percent,, However, the two
out of two may be due to chance, and we can only say, at the 5 percent signi-
ficant level, that 95 percent of the tiirs (19 times out of 20) we would
expect the true long term skidding rat© at this location to be at least 15
percent© It might be as high as 100 percent, but the chances are email
(one chance in 20) that it is less than 15 percent,. In the case of site
"B" four out of four wet surface accidents involved skidding; thus, the
skidding rate ibr this site is also 100 percent However, since the fre»
quency is higher (i©e , there are more accidents involved) we can determine
the minimum value that the long-term skidding rate will have within
narrower limits (i eo, the effect of chance occurrence is less) The SSR
for this site is 45 percent,, Here again the true skidding rate might be
as high as 100 percent but the chances are only one in 20 that it is less
than 45 percent,, Thus, we see that the SSR is dependent upon the accident
frequency and is in reality the lower confidence limit for the skidding
rate
As an aid in determining the SSR Table 2 has been prepared for a wide
range of accident frequencies© Tables of the Cumulative Binomial Probability
Distribution (5) were used to calculate the values indicated in the table
and are for the five percent significance levelo The table is most easily
used by entering the table with the number of wet-surface accidents involv-
ing skidding (column X), then reading horizontally to the column farthest
to the right which has a number larger than the total number of wet surface
accidents which occurred The SSR is then given at the top of this colunn
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of theso Involved skidding, one enters column X with four and read3 hori-
zontally to the last column containing a number larger than seven, viiich in
this ca3© is eight; the number at the top of this column gives the SSR as
being 20 percent « This means that 19 times out of 20 the true long term
percentage of wet surface accidents at this location which involve skid-
ding is at least 20 percent
o
APPLICATION OF THE METHOD
This method of analysis was applied to all the State and US marked
routes in ten counties of Indiana] county roads were not included because
many of them have gravel surfaces and were therefore outside the scope of
the studyo The SSR was determined for each accident cluster (i 8 e , a site
where numerous accidents occurred) and for each road length, a road length
being a numbered highway route throughout one township©
Table 3 shows the results of the road length analysis and indicates
that a few of the roads are causing the bulk of the skidding problem*
Similar results were obtained for the accident cluster analysis
o
TABLE 3
DISTRIBUTION OF ROAD IENGTHS ACCORDING TO THE SSR









In order to check the effectiveness and the reliability of the SSR
as a measure of the slipperiness of the surface* field skid tests were
conducted on a sample number of locationso These sample locations were
selected by statistical means which Insured that the results obtained
truly represented all of the road lengths (6),
The skid tests were conducted with the State Highway Department of
Indiana skid vehicle (7)<» This vehicle has an electrically-activated,
vacuta-braking unit and thus eliminates driver variation in the application
of the brakes o It is also equipped so as to record the 3peed at which the
vehicle was traveling when the brakes were applied and the distance re-
quired to stop© All tests were conducted an a thoroughly wet surface from
30 mpho
Upon the completion of the field skid testing the data were plotted
as scatter diagrams Visual inspection and some knowledge of the traffic
conditions at the various locations indicated that speed and volume might
be two additional factors xidiich affect the SSR« Therefore, the over-all
speeds were obtained for the sample locations by the license plate method
(8)„ Although the speed data were obtained under dry rather than wet
pavement conditions it is felt that little, if any, appreciable error is
involved,, Previous investigations (9) have found that even though speeds
do drop when a rain-fall first begins, the drivers soon return to their
former speed, provided that the intensity of rain-fall is not sufficient
to cause a reduction in visability* The traffio volumes were obtained
from the 1958 traffic flow map and the speed and volume factors were
evaluatedo The resulting scatter diagrams of the relationship between
the SSR and the stopping distance, average speed and daily volume are
shown in Figures 5* 6 and 79 respectively, for the accident cluster analysis.
Similar charts were obtained for the road length analysis <>
The results of a correlation analysis for the accident cluster data
is summarized in Table 4o
TABLE 4
SUMMARY OF THE CORRELATION ANALYSIS






SSR - Slipperine8s of the
surface
ryi " Oo76 yes
SSR - mean over-all speed *n - 0o27 no
SSR - ADT ry3 - 0o58 yes
SSR - Slippemiss of the
surface^ mean over*
all speed, and ADT
R - o86 yes
Although the correlation between the SSR and the mean over-all speed is
not significant^ visual inspection of the center portion of Figure 6
indicates a relationship between these two factors at some speedso Further
analysis indicated significant positive correlation between these two fa©»
tors for the values of the SSR between five and 35„
In the examination of the simple correlation coefficients (the r^
values) it must be remembered that they are a measure of the dependence be-
tween the two factors under consideration and may include influence of
other variable8 The multiple correlation coefficient (R) is perhaps more
17
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valuable since it measures the degree of linear association between all
the factors under consideration* The square of this coefficient is the
portion of the total variation in the SSR (74 percent) that is dependent
upon the distance required to stop, the mean over-all speed, and the ADT
POSSIBUS PROCEDURES FOR A STATE-WIDE ROUTE SKID ANALYSIS
The question which now arises is: How might this procedure be utilized
for the analysis of the paved streets and highways of a state? The first
step necessary for locating slippery sites is to obtain the following in»
formationt
lo The total number of accidents which occurred when the pavement
was weto
2 The number of these accidents in which skidding was involved
3» The locations at which these accidents occurred
,
Ho differentiation should be made between skidding before and after braking;
that is, the number of accidents in which skidding was involved should be
the total number of accidents in which skidding, before and after braking,
occurred*
The accident spot map is the best method for recording skidding acci-
dent data With appropriate identification this information could be plot«
ted on the accident map currently prepared in Indiana and In many other
states o Visual inspection would then reveal those locations at which
skidding accidents are grouping,, A state-wide analysis could be performed
as often as desired and individual troublesome locations could be analyzed
as they become apparent
ZL
Aa noted in Figure 1 this map is often some-what crowded,, Therefore,
it may be advantageous to maintain a separate nap for wet surface accidents
It would then be a very simple matter to differentiate between those acci-
dents which involved skidding and those which did not* This would necessi-
tate a minimum of information on any one map and would, therefore, simplify
initial visual inspection» The additional time required to plot the in-
formation necessary for a route skid°enalysis would be quite nominal
A separate location map for wet surface accidents might also be adapted
so as to show the previous twelve months accidents rather than just those
occurring since January 1st of any particular year For example, this
might be done by using pins with the numbers "1" through "12H on their
heads to indicate the month in which the accident occurredo With such a
system, the map could be studied to determine if any cluster existed at
the end of each month and the pins representing the accidents which occur=
red during the earliest month of the proceeding year would then be removed,,
Such a procedure would permit an analysis with a full twelve months accident
history at the end of each month and at any time for a minimum of eleven
months a
For most efficient results, accurate information as to the location
of the accident is required and care must be exercised when plotting the
accidento For example, since the analysis should indicate which of the
approaches to an intersection is slippery, the location of each accident
must be accurately reported and plotted so as to indicate the proper ap=
preach on which the accident occurred instead of simply indicating that an
accident occurred at a given intersection. Similarly, indication should
be made as to the roadway on which each accident occurred on a multi-lane
divided highway since one roadway may be "slick" while the other is noto
22
The greater the accuracy in reporting and plotting of the accidents the
more accurately a cluster can be determined and, therefore, the shorter the
length of higlway that needs to be "de-slicked" Figure 3 showB the wet
surface accidents which occurred in a portion of Grant County. Although
a considerable length of SR 9 is probably slippery, the "de-slicking" of
the approaches to the intersections of SR 9 with SR 15 and SR 9 with SR 37
could substantially reduced the problem of skidding as well as the total
number of accidents in this area
When the resistance to skidding is increased to a previously slippery
site, this fact should be clearly noted. Accidents occurring after the
corrective measure has been completed would continue to be plotted and the
effectiveness of the "de-slicking" should be evaluated o The same procedure
should be followed when any portion of a highway has had its surface charao=
teristics changed through resurfacing in reconstruction,.
The most beneficial results for the smallest expenditure of funds
can be realized by the proper "de-slicking" of rather limited lengths of
highway which have been identified as being slippery and troublesome by
this method of accident report analysis
RESULTS^ CONCLUSIONS AND RECOMMSNDATIONS
Several interesting and valuable results were obtained from the investi-
gation; the more important are as follows
t
lo There is an extremely good correlation between the SSR and the
slipperiness of the surface as measured by the stopping-distance
method o Therefore, the SSR is a reliable measure of the relative
slipperiness of the wet highway surfaces
2 There is a significant correlation between t T,
The importance of this relationship ir R inherently
involves a cone5.de: of the traff;' 3nea T -e,
separate stuc j volumes on the various I
is not necessary when detenu".






low resistance to : :g» Conve. a very low p
of wet surface acci .-/ill i
exhibits a uniformly high
between these into lii litions theiNb Lp
betvreen speed and skidding*
4o The use of the accident clu superior "> using the re
length. Better correlation between the SSR and rious
factors affecting ski
are used 9 Fur":
'.11 fac ise she
sites will be in need of frde-sli
monto
5© A location reap of wet t > aceiti;
most practical, flecdble, and simplest
wet surface accident clusters and for ion
necessary for performing an analysis utilising
The more accurately accidents are reported and plotted the more
detailed the information obtained and, therefore, the greater
the economy of the "de-slicking" operation«,
6. It is recommended that slippsry locations on the state highways
of Indiana be determined at least once a year by the msthod
just discus3ed and that high priority be given to proper "de-
slicking 1 of these locations.)
25
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